The objective of the study was to evaluate the effects of nine plant growth-promoting rhizobacteria (PGPR) alone or in combination on maize seed germination and seedling growth under laboratory and greenhouse conditions. The germination and growth tests were carried out in square petri dishes and pots. Maize seeds were inoculated with suspension of 10 8 CFU/ml of rhizobacteria. The experimental device was a random block of 16 treatments with four repetitions. Germination test results showed that seeds inoculated with PGPR including the control induced good germination in the range of 93.75% to 100%. The vigor index and root length of the seeds treated with Bacillus panthothenicus were significantly improved by 76.64% and 58.86%, respectively, while the maximal lengths of the seedlings were obtained with Pseudomonas cichorii with an increase of 118.95%. In greenhouse experience, data demonstrated that Serratia marcescens better improved the leaf area, height and underground biomass, respectively by 58.83%, 108.43%, and 59.16% as compared to the control. The highest fresh aerial biomass and air dry matter was obtained with plants treated only with Pseudomonas putida. These results show the potential to use such rhizobacteria as biofertilizers to improve maize productivity in Benin.
Introduction
Maize (Zea mays L.) is one of the most important cereal crops in the world [1] [2]. In Benin, maize production plays a strategic role in the food security of rural and urban populations and also provides income for farmers [3] . Indeed, the practice of maize cultivation represents a source of permanent and part-time jobs for more than one million Beninese [4] . Currently, it is the most consumed cereal by the population and nearly a 1/3 of agricultural areas sown are devoted for its production [5] [6] . Maize enjoys a prestigious image and its demand grows steadily. Its annual consumption is estimated to be 5% between the period 1996 and 2016 [7] . Despite its importance, the national grain yields of maize are still low compared to the estimated plant potential of 3 to 5 t/ha −1 [8] . In 2015, the national maize production deficit was 613,940 t [9] . One of the reasons for this situation is the continued decline in fertility of cultivated soils. Thus, the fertility of the land is the limiting factor of the increase in yields. The production of maize in order to ensure food safety and substantial income to producers is still dependent on the intensive use of mineral fertilizers. This approach can lead not only to a significant reduction in food production but also to declining soil fertility and biological elements [10] . It should also be added that the misuse of these mineral fertilizers also has adverse effects on human health and the environment [11] . In the face of this problem, improving soil fertility is one of the common strategies for increasing agricultural production. Thus, any realistic approach to reducing the contribution of pesticides and chemical fertilizers on the one hand and improving crop yield and soil quality deserves to be exploited.
To do this, the method of inoculation of cultures by microorganisms such as PGPR "Plant Growth promoting Rhizobacteria" is considered a promising strategy to ensure the maintenance and regularity of production without health risk and with less dependence on chemical fertilizers. Indeed, PGPR is soil bacteria that aggressively colonizes plant roots in general at the rhizosphere level and in particular the roots of wheat, maize, etc. [12] [13] when applied to seed [14] . Their interactions with plants are known to increase the growth and health of the plant host [15] . Several researchers [16] [17] [18] confirmed positive results on rice, wheat and cucumber crops inoculated by PGPR Rhizobacteria. In addition, the work of [19] showed that the application of PGPR on barley seedlings improved the nitrogen and phosphorus content. In southern Benin, [20] reported that inoculation of maize grains by PGPR Rhizobacteria improved seed germination and controlled growth of maize plants. The objective of this study is to evaluate the effects of nine (09) rhizobacteria (PGPR) isolated and identified
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in central and northern Benin on in vitro germination and growth of maize under greenhouse.
Material and Methods

Material
Corn Seeds: The maize seeds used are those of the variety EVDT 97 STR C1 from the South Agricultural Research Centre (CRA-Sud) of the National Agricultural Research Institute of Benin (INRAB). This variety has good resistance to american rust, streak, blight, curvulariose, and drought [21] .
Strains of PGPR: Nine (9) strains of PGPR namely Bacillus polymyxa, Bacillus anthracis, Bacillus thuringiensis, Bacillus circulans, Bacillus panthothenicus, Pseudomonas cichorii, Pseudomonas putida, Pseudomonas syringae and Serratia marcescens were used. These strains were isolated and characterized from the rhizosphere of maize from the different agroecological zones of central and northern Benin by [22] and stored at −20.3˚C in Muller Hinton broth with glycerol (10%) in the laboratory of Biology and molecular typing in microbiology from the University of Abomey-Calavi.
Methods
Preparation of PGPR Inoculum
The method described by [23] was used to rejuvenate the three (3) Pseudomonas strains on King B medium. Strains of Bacillus and Serratia were revived on nutrient agar [24] [25] . The inoculum of each PGPR was obtained by culture in a nutrient medium (MH liquid) for 24 h at 30˚C. The method described by [26] allowed us to adjust bacterial cultures to a concentration of about 1 × 10 8 CFU/ml (0D 0.45 to 610 nm) with a spectrophotometer 24 hours after incubation.
Experimental Device
The device adopted was a complete random block with sixteen (16) The seed treated were immersed in the various suspensions of PGPR previously prepared for 30 min [28] .
2) Germination of maize seed: After inoculation, twelve (12) seeds were dispersed equidistantly on a paper towel previously moistened with 10 ml of sterile distilled water deposited in sterile square petri dishes of 11.8 cm side. Maize seeds were subsequently covered by another paper towel, watering with 10ml and the petridishes were incubated at 30˚C. For seven (07) days [29] . After 7 days, the number of germinated seeds was counted in order to determine the germination percentage corresponding to number of seed germinated seed/ number of seed set on germination [30] . The root and shoot length of individual seedling was measured and the vigor index was determined following the method of [31] .
Potty Test:
Effects of PGPR on Growth of Maize Grown on Soil Ferruginous 1) Seedlings, inoculation and maintenance of plants: The ferruginous soil used for the potty test was previously sifted and autoclaved twice at 121˚C with 24 hour time interval for twenty minutes [32] . Pots were filled with 6 kg of soil and were watered to 2/9th of their maximum holding capacity (CMR) 24 hours prior to sowing [33] . After opening the hole in the centre of each pot, two (02) seeds were introduced in the hole and immediately inoculated with 10 ml of 
Chemical Analysis of the Substrate Used
The chemical analyses of soil samples were carried out at the laboratory of Soil Sciences, water and Environment (LSSEE) of the National Institute of Agricultural Research of Benin (INRAB). These analyses consisted of pH measurement using an electrode pH meter in a soil/water ratio of 2/5 (g/ml) [34] to the determination of the assimilative phosphorus using the Bray-1 method [35] , Nitrogen [36] based on the KJEDATHL and potassium method [37] Also, the exchangeable bases (Ca, Mg, K, Na) were determined by the [38] .
Data Collection for Growth and Yield Parameters
Plant Heigth and collar diameter were measured from the 7th days after seeding (DAS) to up 30 DAS. The leaf area of the seedlings was calculated using the method described by [38] 
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Determination of the N, P, K Macro Nutrient Content of Maize Plants Dry (aerial and underground) biomasses were crushed to mortar and digested using the micro-Kjeldahl method and nitrogen n was determined by colorimetry [39] , after mineralization of plant matter at 505˚C for 16 h followed by dissolution of ash in amixture containing 15 ml HClO 4 and 5 ml HNO 3 as described by [40] potassium K and phosphorus P were determined respectively by emissions N in flame and by colorimetry [41] .
Statistical Analysis of Data
The data collected were subjected to a two-factor ANOVA (repeats and treatments) statistical analysis after performing the normality and variance homogeneity test. The concentrations of nitrogen, phosphorus and potassium in the air dry matter and the levels of phosphorus and potassium in the underground dry matter did not verify these conditions. The Kruskal Wallis test was therefore carried out on the data of these variables. Evidence of significant differences between treatments was achieved using the student-Newman-Keuls test at the 5% Table 1 shows the effect of PGPR and their combination on germination parameters. Good germination (93.75% to 100%) of the seeds was observed on all treatments including the control with S. marcescens at the top. Seeds inoculated with P. cichorii, B. panthothenicus, and S. marcescens induced an improvement in seedling length up to 118.95%, 110.74% and 85.62% respectively, compared to non-inoculated seeds. For root lengths, the longest roots were obtained with seeds inoculated with B. panthothenicus followed by S. marcescens, which was an increase of 58.86% and 53.74% in comparison with uninoculated seeds.
Results
Germination
Strains of B. panthothenicus (76.64%) and S. marcescens (73.14%) were more efficient on the vigor index compared to controls. Analysis of the variance applied to the averages of the vigor index, seedling lengths, and maize roots showed a very highly significant difference (P < 0.001) between the different treatments.
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Effects of PGPR on the Growth Parameters of Maize Plants in Greenhouse Conditions
Chemical Characteristics of Soil
The assessment of experimental soil chemistry (Table 2) revealed that the organic matter rate was low (0.1%) and that of nitrogen (0.1%). The content (6, 91 ppm) of phosphorus is average in soil. The sum of the bases (3.3 meq/100 g soil) and cation exchange capacity (6.06 meq) are low. The pH values (pH-water = 6.01 and pH-KCl = 5.5) showed that the study soil was moderately acidic.
These recorded chemical properties reflect a limited fertility of the study soil due to its low mineral reserves with a fairly pronounced phosphorus deficiency. This soil has been classified in the agroecology zone III (food cultivation area south of Borgou) with a low level of fertility [42] Table 3 , it is apparent that the bacterial strains tested have a very highly significant effect (P < 0.001) on the height of the seedlings at 30th day after sowing. The maximum heights of the seedlings were induced by seedlings inoculated with S. marcescens, an increase of 58.83% in comparison with the control plants followed by plants treated with P. cichorii and P. putida, respectively, with increases of 53.91% and 45.64% compared to control plants. On the other hand, the effect expressed at the circumference of the seedling collar by the PGPR and their combination indicates that there is no significant difference (P < 0.05) between treatments. In contrast, inoculation of maize seeds by PGPR had a stimulating effect on the leaf area of the seedlings. The best leaf surfaces were obtained with the inoculation of S. marcescens followed by P. putida, a percentage improvement of 108.43% and 107.90%, respectively, compared with the control plants.
Effect of PGPR on Yield Parameters (Fresh Aboveground and Underground Biomass and Dry Matter)
At the reading of Figure 1(a) , the plants inoculated with P. putida followed by S. marcescens produced the most important fresh aerial biomass, with increases of 161.60% and 94.37% compared to controls. In fact, according to the results of the analysis of variance, a very highly significant difference (P < 0.001) between the different treatments was noted. In addition, a similar improvement (P < 0.001) was also observed for some strains on the fresh underground biomass of seedlings. This is the case of S. marcescens, B. panthothenicus and P. cichorii, which induced an increase of the fresh underground biomass up to 59.16%;
52.08% and 47.45%, respectively compared with control plants. The lowest value of fresh underground biomass was recorded with plants treated with B. circulans. Rather, the analysis in Figure 1(b) indicates that the inoculation of PGPR and their combination has had a positive impact not only on air dry matter but also on the underground dry matter of plants. The highest significant values (P < 0.001) of air dry matter were obtained with P. putida treatments followed by S. marcescens, which induced an increase of 78.83% and 78.09% respectively. For the underground dry matter, the best productions were recorded at the "P. putida-S. marcescens" combination followed by "B. thuringiensis-P. cichorii". The underground dry matter developed with the inoculation of P. syringae experienced an increase of 57% over the control plants.
O. Amogou et al. Figure 2 shows the dendrogram of the Hierarchical Ascending classification (ACH) of the treatments according to the variables studied. The analysis of this dendrogram shows that the 16 treatments were divided into four (4) groups.
Correlation between Growth Parameters and Yield Parameters
Group 1 consists of B. polymysa, B. anthracis, and P. cichorii-P. putida-P. syringae. Group 
Effect of PGPR on the Content of Macronutrients in the Dry Matter
With the exception of the content of nitrogen, the statistical analysis of the results illustrated by Table 4 indicated a significant effect of the inoculation of the seeds by PGPR on the content of phosphorus and potassium in aerial biomass of corn plants (P < 0.05) compared with controls. Indeed, aerial biomass of plants 
Discussion
Germination Test
The results obtained in vitro show that treatment of the seeds of corn with PGPR strains has impacted positively the germinal parameters of the maize seeds. Indeed, good (93.75% to 100%) germination of the seeds was noted whether at the level of the inoculated seed as witnesses thus attesting the good quality of the O. Amogou et al. seeds used in our study. However, no significant differences (P > 0.05) were observed between treatments. Note even when that seeds inoculated with S. marcescens followed by some combinations of which P. putida-S. marcescens have been best (100%) in comparison with the witnesses seeds germination rates.
These observations are consistent with the work of [43] who got 100% germination after inoculation seeds of maize with P. putida. Similarly, [44] reported a germination rate of 96% in Egypt with the inoculation of S. marcescens on maize seeds. This positive effect of PGPR on the germination of seeds would be linked to the bacterial ability to produce or modify plant hormones including gibberellins which play a key role in germination [45] [46].
All of the maize seeds treated with the PGPR showed highly significant improvements (P < 0.001) about the length of the seedling and roots. Indeed, values the highest length of seedlings were obtained with the application of P. cichorii followed by B. panthothenicus by the respective increases of 118.95% and 110.74% compared to controls. The seeds treated with B. panthothenicus and S. marcescens stimulated a significant elongation of the roots, which exceeded 58.86% and 53.74% relative to the control, respectively. These improvements in our study are confirmed by the work of [47] . These authors showed that the strains of Bacillus sp., Serratia sp. SY The effectiveness of the strains of S. marcescens, B. panthothenicus, P. cichorii observed in our study can be attributed to the ability of these isolates to produce the acid indole Acetic (AIA), a hormone that positively affects the growth and development of roots thus increasing absorption of nutrients [48] [49] . In comparison to the witness's seeds, all treatments have led to a significant improvement of the vigor index ( Table 1 ). The best vigor index has been achieved on the seeds inoculated with B. panthothenicus, followed by S. marcescens. These results are similar to those of [50] who observed a significant increase in the length 
Test in Greenhouse Condition
The importance of PGPR strains on crops has been highlighted by [53] and 107.09% the average value obtained at the level of the non-inoculated control. These results are similar to those of [55] who reported the effectiveness of S. marcescens TRS-1 on the increase of the height and aerial biomass of tea plants.
Devi et al., [56] reported that the application of S. marcescens AL2-16 induces a better increase in leaf area, roots length, seedlings length, and dry weight of the fresh aerial biomass on Achyranthes aspera plants.
The higher aerial biomass was observed with the plants treated with P. putida and S. marcescens either respective increases of 161.60 and 94.37% compared to the control. On the underground biomass, best results were incurred with the inoculation of S. marcescens (59.16%) followed by B. panthetonicus (52.08%). The results achieved with the effect of the strain S. marcescens on biomass of the plants are in agreement with those [57] to the Brazil. These authors reported that inoculation of S. marcescens UENF-22GI (SMU) on corn has significantly increased the aerial biomass fresh and underground biomass fresh with a percentage of 64% and 80%, respectively, compared to the plants improvement witnesses collected 10 after days of experience in controlled condition. The PGPR performance observed on aerial and underground plant biomass was related to their production capacity of growth, in particular the auxins and gibberellins the hormones. These hormones are known to induce an increase in root hairs and the growth of aerial parts [58] .
As for the rate of the material dry air and underground developed by corn plants, the largest aerial dry matter production were recorded by plants treated with P. putida (78.83%) followed by S. marcescens (78.09%). Their combination has led to the largest underground dry matter (82.64%). This rate would be due to the synergistic effect of combined two strains. Our results are similar to those of [59] who have obtained a significant increase of the dry biomass of plants respectively 99% and 94% compared to the control with the inoculation of Serratia marcescens sp. EB [60] have recently highlighted the ability of the majority of the strains tested in our study to solubilize the inorganic phosphate and produce metabolites of agricultural interest such as acid indole acetic (AIA). The positive effects of the inoculation on the parameters evaluated in our study would be so related to the ability of strains of PGPR particulary S. marcescens, P. putida, and P. cichorii to produce the AIA, to solubilize phosphate or a conjunction of the two mechanisms.
Mezaache [61] explains that the rhizobacteria producing AIA are known for their ability to increase growth and the length of the roots. This effect results in a greater root surface and accessibility for most nutrients for the plant. Our results are related to these observations because the maize plants inoculated with the rhizobacteria P. putida, S. marcescens (Table 4 ) having given biomass yields the highest underground are those who have potassium and phosphorus content the significantly higher. Similar increases in absorption of the macronutrients include nitrogen and phosphorus have been reported in the host plant after inoculation of wheat grain by S. marcescens [62] . These observations have also been confirmed by [63] [64].
In our study, the improvement of nutritional status at the level of the inoculated plants would result from a better accumulation of dry matter in the aerial part of the plant maize. Tarafdar et al., [65] explained the increase absorption of phosphorus, nitrogen, potassium, as well as other micronutrients by significant dry matter production in barley plants inoculated with the PGPR. Results for nutritional status obtained are in favour of a sustainable and environment-friendly agriculture. Indeed, the growth and the yield of plants are determined by the availability of some specific nutrients essential for the completion of their life cycle [66] . That is why the application of these essential nutrients (nitrogen, phosphorus and potassium) plants in the form of chemical fertilizers is part of intensive agriculture. Adjanohoun et al., [67] attributed the improvement of yields of corn achieved at the level of the plants inoculated with P. fluorescens, P. putida and A. lipoferum by increased absorption of nitrogen and potassium.
Conclusion
The results of the present study showed the beneficial role of PGPR inoculation on maize seed germination and seedling growth under laboratory and greenhouse conditions. For the majority of the evaluated parameters, the rhizobacteria S. marcescens, P. putida, and P. cichorii are most effective among those in the study. Furthermore, treatment of seeds with S. marcescens, and P. putida have led to better improvement in the nutritional status of plants including the content in phosphorous and potassium in aerial biomass of corn with a percentage plants improvement between 11.29% and 80% compared to plants not inoculated. These results are very interesting, and thus leave the possibility to exploit all of the strains selected in future experimental studies in order to produce some O. Amogou et al.
